Why do birds duet? Why some species of birds sing duets is not fully understood. If you play a recording of a plain-tailed wren duet near or within a territory of a pair of wrens, they will respond by approaching the speaker and singing. This behavior is believed to be a form of territorial defense; however, this sort of territorial defense by singing is also found in hundreds of other species of songbirds that do not sing duets. One hypothesis is that duetting might be more effective for territorial defense because two birds are singing rather than a single bird. Duets may also be used to reduce the possibility of extra-pair copulations -a
Quick guide
Why study duet singing in plaintailed wrens? We study duet singing as a way to understand how individual animals coordinate their behavior to cooperate with other individuals. Cooperation is important for many species and especially for humans: the greatest human achievements have all depended on cooperation between people. One of the challenges of studying the mechanisms of cooperation is identifying the routes and categories of information that are shared between individuals. Consider two people dancing -each person simultaneously uses visual, tactile, and acoustic cues to coordinate their learned patterns of movements. The cues can be subtle and vary over time during the dance.
Plain-tailed wrens, in contrast, can coordinate their duets using acoustic cues alone, and females and males rarely sing at the same time. Rather, they rapidly alternate singing syllables back and forth, so that at any moment information is only fl owing from the female to the male, or vice versa. When a female sings, she and her male partner hear her song syllable. In the next moment, they switch roles and the male produces his syllable that is also heard by both birds. When a bird hears its own syllable, it receives autogenous or 'self-generated' feedback about what it just sang. Autogenous feedback is necessary for song learning and maintenance in all species of songbirds. When a wren hears its partner's syllable, it receives heterogenous or 'othergenerated' feedback that is used to coordinate the duet. Heterogenous feedback is used to control the timing and acoustic features of the next syllable produced by a female or male plain-tailed wren. Each syllable, hypothesis known as mate guarding. By singing together to produce duet songs, both birds can better keep track of their mates within the dense bamboo forest. Another possibility is that the songs are used to attract and keep mates. Similar to other cooperative forms of mating displays, both females and males may choose mates based on their singing performances. These are not mutually exclusive hypotheses, and it is likely that duets have multiple roles in the social lives of these birds.
How do plain-tailed wrens learn to sing duets? Although how plain-tailed wrens learn to perform duets has not yet been studied, song learning in other species of songbirds has been investigated intensively. Songbirds must hear appropriate songs while they are juveniles. These songs provide a form of memory or template that the bird will, in turn, try to match with its own vocal performance. The matching process requires that the bird hear its own vocalizations. We have no reason to believe that this does not also occur in plain-tailed wrens.
Nevertheless, duetting in plain-tailed wrens is more complex. First, females and males each sing syllables that are not produced by the other sex. This begs the question: how do the birds learn the appropriate sex-specifi c syllables? One idea is that the birds have an innate fi lter for syllables of their sex. This notion is supported by the fact that we have never observed a bird singing syllables from the repertoires of both sexes. Alternatively, perhaps juveniles learn all syllables from both sexes and later in life only produce their own syllables. This idea is supported by the observation that an area of the songbird brain used in song production has neurons that are activated by playback of syllables from both sexes.
Second, the birds appear to learn the coordination of duet singing with specifi c partners. Partners with little experience singing together produce less precisely coordinated and shorter duets than pairs of wrens that have more experience singing together in the wild. This suggests that there are two categories of learning for duet production: fi rst, learning the sexspecifi c syllables that the bird sings; and second, learning how to coordinate duetting with a partner. R644 Current Biology 28, R635-R655, June 4, 2018 therefore, has a different role for the female and for the male. A male syllable, for example, is an autogenous signal for the male and a heterogenous signal for the female.
The goal of our work is to reveal computational strategies used in the brains of individuals to control cooperation. This segregation of autogenous and heterogenous feedback into discrete, alternating epochs in plain-tailed wrens allows us to disentangle how sensory information is used in the brain of each bird to control cooperative behavior. We can play recordings of female and male syllables to awake or anesthetized wrens to probe the effects of autogenous or heterogenous signals on neurons that control singing.
Where would you look in a brain to fi nd neurons that control cooperation? The brain areas that are used for learning and production of song in songbirds were identifi ed in the 1970s -they include a group of telencephalic nuclei (brain areas) that are not found in other species of birds. These areas, known together as the 'song system', have different roles in song learning, perception, and production. One of these areas, known as HVC, has neurons that have both motor and sensory properties. That is, these neurons are active during singing, but are also activated by playback of the bird's own autogenous song. In this way, HVC is a site of sensory and motor integration specifi cally related to modulation of motor activity by autogenous feedback.
The song system was identifi ed in species in which only males sing, and therefore only produce autogenous feedback. In contrast, plain-tailed wrens, and perhaps many other species of duetting birds, use both autogenous and heterogenous information to control singing. As both female and male wrens produce autogenous feedback when they sing, we expect to observe activity in HVC related to autogenous syllables in both sexes. However, because the birds also rely on heterogenous information for the control of song production, we expect that there must also be activity related to heterogenous information. To understand how brain circuits control cooperative behavior, it is necessary to identify how autogenous and heterogenous information is encoded by neurons in the brain and how these codes affect motor neuron circuits that control duet singing.
How are duets controlled by the brain? Determining the roles of neurons in the control of behavior usually involves placing electrodes into the brain to measure the numbers and patterns of action potentials that are generated either while the animal produces the behavior or in response to sensory stimuli. For example, to determine the roles of heterogenous and autogenous signals in HVC, one can play duets, male syllables, female syllables, and other songs to the wrens while recording action potentials in HVC. Indeed, this was the fi rst neurophysiological experiment that we conducted with these birds.
Our experiments revealed that HVC neurons in both males and females respond best to the duet song, which is composed of both autogenous and heterogenous syllables. In other words, these neurons respond best to the complete duet that neither bird can sing by itself: the cooperative output of the pair of birds. This suggests that each of the wrens not only 'knows' their own parts, but also has a form of memory, or template, for the combined cooperative behavior.
What are the implications of this fi nding? This result suggests that cooperation may require that each participant not only knows its own part of the cooperative performance, but also the structure or dynamics of the combined output. Consider two people who have never seen humans dancing. Let's teach each person their respective steps to the Cha-Cha, but in isolation. After each person learns their own part well, we bring both of them into a room. Given that neither person has ever seen a dance, they wouldn't even know that the steps were meant to be performed with a partner, let alone how their steps might be coordinated. In the absence of insight into the structure of the cooperation, it seems unlikely to us that our participants would successfully dance a Cha-Cha. But if we give them a template for this cooperative performance -perhaps asking a pair of dancers to demonstrate a Cha-Cha just one time -our participants would be able to coordinate their individual performances.
What else can we learn from studying the plain-tailed wrens? Cooperative behaviors are complex and involve more than simply coordinating the timing of motor programs between individuals. Cooperation can also include adapting to unpredictable conditions. In wrens, for example, the birds sometimes start duets when they are separated by more than 5 meters. Due to the speed of sound, long distances cause signifi cant delays as the sound travels between the birds. The wrens adapt to these delays by altering the timing of their singing. How are these delays computed in their brains to produce the correct timing of their syllables?
Cooperating animals also routinely generate variations in their performances. As in a jazz performance, where musicians are free to improvise provided that their improvisations fi t within the structure of the tune, variations in animal cooperative performances also follow complex rules. Wrens produce variations in their duets but maintain the overall duet structure. How is the structure of the duet encoded in the song system, and how are variations generated from within this structure? Over time, we hope not only to learn more about the specifi c mechanisms that plain-tailed wrens and other animals use to coordinate their behavior, but also to describe cooperative processes in mathematical terms. One application of these sorts of mathematical descriptions is to implement them in artifi cial systems, such as co-robots -robots that work with people. To safely cooperate with people, co-robots need to use algorithms that are well-tuned to the rules and mechanics of cooperation with people. These algorithms must be suffi ciently predictable so that a person can work with the robot, but also suffi ciently fl exible to accommodate the natural range of variations that people make when they are cooperating.
Where can I fi nd out more?
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The German psychiatrist and neuropathologist Alois Alzheimer was fascinated by the symptoms of Auguste D., a 50-year-old woman admitted to the Frankfurt Psychiatric Hospital in 1901 who suffered from memory disturbances, paranoia and progressive confusion. After her death and autopsy, Alzheimer described histological alterations in her brain that later came to be known as amyloid plaques and neurofi brillary tangles (Figure 1 ). The case report was published in a psychiatric textbook some years later, and this peculiar and (at the time) seemingly rare illness was later named Alzheimer's disease.
Humans differ from other primates through their superior intellectual and mental abilities. When a gradual and chronic loss of these cognitive functions leads to a loss of independent living, the individual is described as being demented. Such declining cognitive functions encompass all mental processes involved in acquiring knowledge and practical skills, including memory, language, reasoning and attention. Today, Alzheimer's disease is the most prevalent neurodegenerative disorder, comprising approximately 60% of dementia cases. With steadily improving standards of living, people in developed regions of the world are living longer, and Alzheimer's disease is associated strongly with old age. The number of cases of Alzheimer's disease has been increasing steadily, and with today's aging population, the number of people with dementia worldwide is expected to quadruple by 2050 unless effective treatment or prevention becomes available. In this Primer, we consider the symptoms, biological basis and potential biomarkers of Alzheimer's disease.
Symptoms and risk factors
Separating changes associated with normal aging from the early symptoms Primer of Alzheimer's disease is challenging because of the disease's gradual development and the subtlety of the initial changes in cognitive function. The fi rst symptom is often a change in episodic memory, more specifi cally the amnestic syndrome, where free and cued recall abilities are impaired. Remembering new information becomes diffi cult, and as the disease progresses, executive dysfunction and problems in language and spatial orientation occur. Activities of daily living such as dressing and eating are usually not impaired until the disease progresses further. There are large variations in the course of the disease when it comes to types of symptom and rate of progression. Because there is no cure, most patients eventually reach the dementia phase of Alzheimer's disease, though as the disease usually starts in later life and can progress over many years, some patients may die prior to dementia.
Who will develop Alzheimer's disease, and is it possible to prevent it? The cause of Alzheimer's disease is probably multifactorial, consisting of a cocktail of environmental, lifestyle and genetic factors. Risk factors for Alzheimer's disease are classifi ed as modifi able or non-modifi able, the latter being age and individual genetic profi les. There have been numerous studies attempting to identify modifi able risk factors. Those that have been reliably documented include cardiovascular risk factors such as hypertension, diabetes, obesity, physical inactivity and smoking. Other modifi able risk factors of importance are cognitive inactivity and a low level of education, perhaps due to what has been termed 'cognitive reserve', whereby individuals with higher education and mental stimulation are believed to have developed more synapses, allowing them to withstand neurodegeneration for a longer period of time.
Modifi able risk factors have been estimated to represent 35% of the total risk of Alzheimer's disease, suggesting that increased focus on them could lead to prevention of up to one-third of all cases. Postponing symptom onset by only one year could potentially lower Alzheimer's disease prevalence by 11%, equivalent to more than 9 million cases worldwide
